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XTo assi st in the eval uat~ion of proposed structural Iinspection progivamls tot'

commercial jet transport aircraft, a logic was developed to simulate structural
defeCtS, faillures , And inspecCti ons, Thi 5 1 OqIc W~its orpora V~ttd ;1 11 COMPu~t.0r
program enti tled Structural Area Inspection Fr~equency Evaluation kSAIFU) . Wi th t.1w
modi fy inspection in terval1s , SAIF[FE accounts for the foillowling fa ctorsN (1I) a i rcra f't
des ign analysis; (2) fatiun testing ; (3) prodiuc ti on sorv ice and corrosion de-
f ec t s (4) p rob itb 11ity o f craitc k ori c(Ir ro s I on1 d et ec(,t i on Ian i 1d (b ) aI i c ra f t mo d i f i en
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SAl FE computer program, VoIl nIIne UV. (entitled Software flocuinenta t I onl and User's- Kinl-
nal ) contains detailed computer logic flow diagrams and a complete Ilist~inki of the
program which is written in SIMSCRIPT 11I.5. Volume V 'presents, the resul ts' of the
program application t~o a hypothetical aircraft and compares those results with thel
service experience of operational aircraft.
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SA I P c ompo tvi, p rog ram,; alld Mr'. Rol zut .1 R oc ka Pc Ii ow, pro-
g ra lit 1IManager

Tile cout rac t ion I t or- f or tie FAA wore Mu s rsHerbert
Spicet' and Char1les 'T'ohia of the. Au ircat. Saft'Oty and NolI u
Ahatement. Divis ion. I'ho tedmhica~l mwn Ltor %ill- Mr. Arnold Ui.

,\ndoerjuka of tho Fl ight Statidards DIAv lidon,

NTIS -,1v 00

'Oun SrL

* fBy

ally C

ii-/t. A



'ABLI, OF CONTElNTS

Section PIt,

I NTROLUCTI ON ... . . . . . . .. . . . . . . . 1

I I EVOIAJ'L'ION OF ID)EMNONST'RA'IITON 'AWS .... 2

1. Obj e ct ives . . . . . ...............
2. Ili tI jl I)emons trait ion stage .... . . . . .... 2
3. Second I)emonslt,•tation Stoge .... .......... 3
4. T'hi' rd 1)en1onst ration Stooge . . . . . . . . . ,
5. Final l)emonstrzitionl Stage . . . . . . . . .

Rev i sed 1,ogr •m DeLmon1st rat i on Sta 4,). o

LI I DI)EONSITRAI'ION RwiSoI, s ....... ......

1. Anmilys is of the Htinm lle Dmonstr t ion Stitge
Output byy Fl oment Type ............ I
Ally'is of the F-ina:l ll onstration Stcge
Output by I spoction ho.vel. ...... ...... 9

3 5, ('.II~,oIrri son Of RIsults ftrom the' Four I)eiuonIStra-
tion Stlgo Output",. ... ............ . )

IV SINIMARY A\NID C.ONCLUS IONS . . . . . . . . . ... i

APIP•NIDIX A, APS-510 DEMONSTRATION .... ........... .... 81

. ..

-I a I



LIST OF TABLE'S

Table paYt

I Summary of SAIFFI Demonstrat ion Re'sults . . . . .. 7

2 Comparison of Cracks Detected tit Each Inspection
Level Per Million Flight lhours. . . . .. .. .. ... 12

3 D~emonstration Results for D~oor Frame . . . . . . . 1.3

4 Demons tration Results for Window Frame........... .. 1 I

5 DemlonS trait ion Results for FuISeltage - Mail rln 0

6 Demonstration Results for Fuselage - Main Frame,

7 Demonstration Results for Fuselage -Main Franie,

8 Demonstration Results for Puselage -Str Inge r
Bot toin.. .................. ......... . . . . . . 2

9 Demonstration Results for Fuselage - S t ringoer,
S id e........ ..... .... .. .. .. .. .. .. .. .. 25

I Demonstration Results for Fusenge Spar, Aft

10 Demonstration Results for Wuselge SpaAt .... 4

13 Demonstration Results for Wing -Spar, Center. 4

14 Demonstration Results for Wing -Spar, F~orwiard . 49

15 DmntainRslsfo ig srneAt5
15 Demonstration Results for Wing -Stringer,At.. S

Center . . . . . .. .. .. .. .. .. .. .. ... 54

17 Demonstration Results for Wing - Stringer,
Forward . . . . ,.. .. .. . . . . . . . . . . . . S9

18 Demonstration Results for- Wing Center Section-
Stringer, Aft . . . . . . . .... . .... . 62

19 Demonstration Results for. Wing Center Section
Stringer, Center..... .. .. .. .. .... . . . . 65

vi i



LIST OF TABLES Concluded

Table Pare

20 Demonstration Results for Wing Center Section
Stringer, Forward . . . . . . . . . . . . . 68

21 Demonstration Results for Wing Center Section -
Spanwise Beam, Aft ... . . .... . . . . . . . . . 71

22 Demonstration Results for Wing Center Section -

Spanwise Beam, Center ..... ................. 73

23 Demonstration Results for Wing Center Section -

Spanwise Beam, Forward. . . . . . . . . . . .. . . 75

24 Comparison of Results in Demonstration Stages for
Door Frame. . ... .......... . . . . . . . 77

25 Comparison of Results in Demonstration Stages for
Wing Center Section - Spanwise Beam, Aft ....... ... 78

26 Comparison of Results in Demonstration Stages for
Wing Center Section - Spanwise Beam, Center . . 79

27 Comparison of Results in Demonstration Stages for
Wing Center Section - Spanwise Beam, Forward . • 80

/i..4

!iI

vii

"ýj



I. INTRODUCTION

It is thle mutualI goal of thle FAA, a irframec manufacturers,
and air carriers to conistant ly improve the structua to inltegr ity
and inspect ion eff iciency of civil aircraft. Thle good safe ty
record of U.S. air carriers indicates that the current. rocvs" o01
establishing and modifying structural inspection programs has
been successful. However, with the increasing size and complexity

* of second- and third-generation transport aircraft, there is 3
need to quantify more prec isel1y tile present subject lye eva I ua 1-
t ion proiess which relies heavily on reIliability anal. so h
new des ign and onl operationalI experience ot s imiltar i Irc ratft'

Ilecause- of thet extreme Comp lex ity of tile eva Iuat ion prwoess
Za compuLter S i~lu it ionl Of all Cri t ica lai'rcraft Ser1Vice lifec as
pects was Judged the miost rational means for quantifying the
process more exactly. As a five-vo lume document, this report
documents tile resul tant Structural Area Inspection Pre-quency
Evaluation (SAl P1) simulation logic. SAIFE-' accotints for the Co I1-
lowing factors: (I) aircraft design analysis ; (2) component a nd
full- scale fatigue testing; (3) production, service, and corro-
sion defects; (4) probabil ity' of crack or corros-ion detection;
and (5) aircraft modification econlomics. It troats the-se factors
In it logical sequenice. that real1isti call1) represents the procodure.
currently used to establi sh and modify Inspection intervals.;
SAl Mi is des igned to provide a repeatable method fo r eval1 a t.in
p~roposcd inuspec tion programs . However , it is not intended to
supplant thle Maintenance Review B~oard or the air carrier use of)t
the Standard Operations Spec~ifica tion - Aircraft Maintenance.

As Volume V, this volume presents the results of a SAIFTE
demons trat ion, rinaeily , the SA 1FE application to a hypothe t ical
it ircraf t , and compares the resul~ts wi tit thle service experience of
operational1 aircraft. InI this demonstration, all rout-inmes 111d
events in the SAl Eli program were exercised. hesubs Liuent
comparison reveale1d thit. thle SAlFT lioutput is rea Ii stic . The
Appendix~ to th is volumie presents tho results ofC thle. pa rametrVi c



It.EVOLUT ION 01: DUM~ONSi'RAI'ION s'rACHS:.

The SAt El domori t. I'llt io OlWas designed to exercise all tile
events and routines in the So ftware programn and to permit deter -
mnining whether each coutine. and event would function as intended.
To t hi s enid, input data was foi-mulated f'or a hypothet ical alir-
craflt, I hy)brid Of the 13-747 anid IC -10. The Input dat'l def illod a

*fleet tit' a ilrclratt with app-ox imautoly thle same pr~oductionl rate,
t'ItLet size, anid service 1life as the B-747. T'his data also do-

* U ned I1309 ci omrilt s fo- i' ach a irc ta ft inl tho ft oct . Th'leseci v -
1meritS, i[cI uLded .ll1 tte baIsic a i rlcra fit compIIonenlt type'; such as
SPU, ýS. ,St. I' illgeC I'S, ari~d framells

'The dlemonls trat ion Was al ISo in t elded to do tovilint n whether. the
SA I IT logic pr-oduced results which would be realistic whenl coi1-

I parek w ithi the aictual Solrvice hi story of jet transp,;Iort aircraft.
IhF ra aion t this seconld obj oct ive led to fourk separat
Stagest durLII-inlg theC(1101 deo 'llrt i onl tas. The last three stages a re

1c1 a Va: tot' I, zed byv chanlge 0s in 11tho SA\ I T~ logic. fnd/or. alter'ations to
the domorist. tat. iOnl iniput data.

. In it.i al. Dmleins t raitiol st ao

Thle in .1i t tal 01 d nIos t. ra t i on s tart. d w ith tile. log i C andlk input
da.1ta 11Sbillitteit inl the draflt vers;ion of Volumes I I and I II of this
r~eport. . T1'he logic an rid npu t dat.a had be en re0v i wed. pr i or to tile
St art oft the demon s1"t rat i oil. I oweve r because of tile. complexit~y
Lit' tile log ic and the Vol ume o F input dat. a, Sceveral1 unanticipated
probiotii5, wore enlcouniter-ed whenl the inlit ial demonstrat ion Output
was, rev iewed. This revijew was conducted after, 3-1/2 per-cent of
tho elements had been processed.

The mro st Obiwouis p robl.tem was; the extiromle 1y large num11bor of
crcsthat were ,Cocclirr ingVOi onach eIOllement , Ainetgation of

thi poblil l'veledl sev'eral centiribit ing factors . The fiirst
ifactor. was the large fCivet he ing evaluated, I 000 air-craft, and-.
tihe long Sol-vice .1i fe, oO ,000 flight' hours, Of eachi air-craft.
Mince the resl-mt ant total exposure o f 60 m ill iorn Ciight hour's was,
mutch grealter thanl that of ally one0 fl e'Qt now inl service, the
Cor. ic spa ild i rig, num1ber. o t c racks inl the \swamp 1e f 1 ct appoa red to be?
OX Ce0SS i VC . The O ions so tallt ion to ti'S 1)1'0s problem was to reOduce

*otat fleet flight hours.

A fut rtiher rev lew of' t he input daa 'evea led that t hereo were
two additional factor's caulsing th la 0 nmo f rcs ~
Of' t hoe s fac tors; cant I- ibut ed to an unea St i call ly low Fat i vgue
L ife f ori mos t eleomeniits . Of thet latter. two".,fac~tot's , the f irIst was
th rela IZIt io0n1Sh 1ip1 betWCeen the 01 Ied i Cte0d an1d t e ac tua I fa tigue
I i t'e . Sinrce the relationship used had been ý~ylpdi h
early lv b 190s, it wa~s cons idered too consorvat iý, ill th 11o1 i ghlt of
imlp i'aved anlal ys is tocchi iques.



The second factor causing unrealistic~ally low rat igm, I ivesIwas the predicted lives used as knput to the Program. AIthoinugh
these lives were taken front data on wide-bod)' aircraftt, it Wits
di scovered that the dos lgn Ilife rather than the prodi cted 11eani
lifet had beeni usod as input .When thle mean I i fte, Which is mu1tch
greater than the des ign 1.1fe, was uised ats in put ,there wias conl
siderable increase in the fatigue Ilives tit' the elements.

Dur ing this rev jew it was il so diexermined that the SA1 HE
logic should inc lude thle. effects of sampi illu inspoct ion" lit
Overhaul (D)- level I I.locautse oft thle l imi ted t iline ava ilablo to
make thiis change, e was dvt en e ht eu u e oa IIt
of defect dletect ion would hie thet 1ý.wt e, f'c t i yotie Iteas ot ilm I lta
ing theit samp 1 i nig eft"fec t. In add it ion, lin opt iolla oultiput to t'lm t
Was needed to prov ide more spec if ic in format ion onl t he ovenits
that lead to structural fai lures. Such aI format had been m-sed
ca i1 > In t ho dev eiopment. p ropg rain hut was l ateC!r omlitted because0 o i'
its excessivye output volume. Consequenit IN yit was dec idod that
tbil- format should be. restored as an opt ion a long With the Calla-
hill ty of selectinlg aircraft numbers and e lenient s to i'educk the

3. Second vIllnost ),t rt i lo t

Prior to resta rt ing the demons trat ilou, thet fol lowilng chan-11ges
wer mae oth lgcad the input danta'.

11) The num11ber of. ai.r craft in tile fleet wats redulced t' roinl

b) The re Iat. tus i kilp1i1 betwe t e %V0 11C ed110 i C te an lId theit ac:t alI
fat igue I1 feC was rev isedl to y it. Ii Stilt i st ico Iv hiy1 gherl

V, it ~~~c t Ia I I fa t.It i ue1. 1 ye vVs .

c) A IpIreLd icte t vk fiIt Ai Ie i veLs i I thIIe 1inpuii t kI iIt ,I% were,
Changi fro 0dllLiCS i %Z I i fet\ o '0k pdi Ctd meanllCII I .i C0 .

he1 NL , oircl t rkdac t kil O i i inlspec t iOil I lit e Ival was il
c 111ased apilrec. inbi"Ivt v 1opravidkt)mo 1- rei sti c chanlge.s

wa s rviedwherevor requird eio oi
higher level.

f) Logic to laccowit for, thle effect ot, sanipi ing i ns'poct ion
wats adde~d. 'FI' As logic reduiced thle. probab iIi Ty of 1 dc -
foc t detekc t oion in dit(rect. propo I, t i onl to thle percntmutge.
of the floet being sampI)led.

After process .1 g IM1 o t the( elemnen t s, thle out put dat a was
reviewedt. This rov lew reveated t hat tilt f~rogo lug changes hald
Micces011 sfully redukced thev numllber o 1. cracks but that thle numllber oft
fa iIlure0s wal,ýs st till 1nr411 i C4t 1 i ya lv 1 hih 'hI' s oob ter was ait
tr ibut ed to two factoris, F i r st , thle samlpl ing log ic for th Dwl~-
1VC ev 1Inspection hald aIlPp0C i ably veduced thet number otf Cracks,



detected at this level. Second, the SAIFF logic did not allow a
crack that originated internally to eventually appear externally.
Therefore, the defect was never exposed to lower level inspec-
t ions as It would be in a real world situation.

Consequently, it was decided to change tile logic for thle
Sampling inspect ions in order to improve the nube of de t
detected at overhauil but not to make tiny changes concerning the
second factor at this time. It was felt that mnaking too man>'
mod ificat ions at one t ivi would make it difficult to dot ermtine
the effect of Lach modi ficat.ion onl the ou~tp~ti.

The review OfC thle sec i demons t ration stage Outpu-1t aliso
r'leralcdk that. the inaterv'als fo. thle C-level and D- level inlspec.
t ions were freqluently as l0%q as 10 fli~ht hours. Since thle pro -
g raml C r iter ia fo r reduc ing inspect ion inte rvalis are app lied only
to the C- level and D- level inspoctIons, this resuilted in C-level
aind D-le11 inspections occurriing moro often tha eIth, A -level
or- It- level inspections. Toc prevenit this, it was decided that
m111LM11 i ('. -level IndL fl-level inIte'vals shoul.1d be, e.sttbliShed.

I T h i rdL Demon1 s t ra t i onl tag

Ble fo re aga in1 rest.t art i ng t.he demons' t.rati 1Onil tile foll Iow ing
Changes; Were ma11de to the logic:

a) The sail~lp inlg t og iC was rev i sed so tha t otil y des i gnallt ed
a i rcraft were inspected. However, tile probab ility o f
detect ing lar~go do' fects Oil these dies ignated a1 i rcL ra ft
could approach 99'! I

1) TIhe initerval f or each OF tile inspect ion levels %vas set
SO thalt it could ne0ver he less thanl the iii it al inter-
ValI of the preced ing inspect ion level. For e xamplt' ,j
thle D- level inspection interval could ]level- be less
thain thle in it i:ý (*.-level inspection interval, that is
100¾0 hours.

K. The results, ofC these Changes, wore :apparent after, process ingt
onl I N 13$" Of the Clements. Al though the inmmi iispec tionl inter-
valI produced thle. des ired effect, thle rev is it-, of the samplIing
Inspection log ic not- Only did not reduce thle number of strulctulral
f'ailures but, in fact, increased the number sli.ightlIy.

Conlseq-uently , it was decided that the sampling inspect.i on
logic used inl thle second demnonstrat ion should be ros tored and
that other logic he added so that cracks or iginat ing i nterna lly
would ( eventulally be de-tectable, externally).

4
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S. Final Demonstration Sjl

Before restarting the dentonstration for the final run, the
following changes were made to the logic:

a) Cracks that originated internally wore allowed to ap-
pear externally when the crack length equaled the
critical length.

b) The sampling inspection logic used in the second demon-
stration s--age was restored. This logic reduced the
probability of defect detection in proportion to the
percentage of the fleet being sampled.

c) 'The detailed output format that had been previously
used was restored as an option for the final demonstra-
t ion.

The demonstration output resulting from the final. SAIFL
logic and input data is detailed in 'he following section,

6. Revised Program Demonstration Stage

The appendix includes a complete description of the results
and analysis from the parametric study.

bA
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111 . DElMONST1RAT ION RESUL.TS

1. Analysis ofthe 1, 1nal I Dmonstrati on Stage Output by

Since both tile SAM. dem~ onst rat ion output and t~ht NIHR/SI)R
selv ice hi story datal tite extremll".y Volumilnous , thisl, report pro -

11 ti wi Oly suni11maty tablus of tihe most pertinlent facts. 'tabv I
Si s ts thle 21 c lemelt, types aina lyzed inl the 'SWl IT demonost rat ion

a tong w ith1 thle f o I Iow jalg in11fort-u111t I on:

a') Refeorenice t o z, fo low 1 ng ta oheI that conit a ills more
dJet ailed, huit st ill sutitmar ized , datal, intc hiding theit
111uill r)L ot C tc a k, anld corros ionls det Oct td at e ach ill -

W. 1) ~~~So Ct. i.n 0 OV I k, tv tvmb r1111 o f pi voduc t i onl andlk so 0 iv ice
d 0e0C t.s, Itn1d th nuI I Vo1U11)V1-0f fa II lus I-CS'nd [',I iI S 41 It'l
daI lmage o Cu Ir Inc 1,e s

b) T10 'hora to o f th numbe,111)vr o f c-racks det~ected i i ithle SAl I I
oult. put to t hie number o f c rac:ks repo I- tud onl NIRR/ SI)R I s

c Th '11M)w O nub'Of S trLtCI711ura I fa l.1 lureS perI mldti~ LI fn iht
hours predicted by SUITPB

d The via t: io 01'f thle number of: fi rst cracks occurring t~o
the number Of cracks det ected by SAIT P.

1he l lIICom11parIng thle. servIcuI his t ory)% wt h thle SA I PP domion -
s t, raIt ionl output., four factors thallt af feL)Ct th11e t wo (itut sets; miust
be C-ons ido red.. Thentý resuit, of those hac torts shoul d be tmove
defects-4 ill thle SAlil: ouktputt thanl In the ser'vice history. 01f
these, four factors, the f i vst three itcl-reuseL thev num11ber of do -
e oc t ; presen It tdL i ti t.hoe (1101 dm ttI~'llt i on out~puit, but thle Courth1

doc rea Lus t hie nunt11hor of de fects . The fourI fac t or1s rev a s foE IIows:

a) The0 MRR/ SlR dla ta represen01tsl gene 1-11 1 N thle f i vs, t hlaIl' ofI'
theit soerv i ce( I i fo of' a i rcL va ft bec ause the daitt a we re
C 0 1 Cc t ed t, 'otil th le U .. aIi r cait v ievi' , 1 loot thile thle

SAl I I out put rep resent t hi oi et ire set'rv i ceo fe ofC all

t) liot al k a I'cr 't do fct a r geo te in the 0.0/S

d'ocument

C) 'I'lie serlV ice 11 i Stot')' .i '; base~d Otil narrow -bodly at i r-c t'a ftA
wh ich have fewer 0 1 euient~s than thle hypothet i cal widve - A
body aircaf useCN IId i 11 th le dmt100IS t rat ion.

d ) Improv od anaill ys i s tVchn11i ques, deics i gti C ri tei'r i a1, and
mauu b1 fc tu tiu lg melthods should r'esulit in fewerLI dvo 'c t-s oil
tilie wide -body a ircrtaftt rep rtesented in thle dvmolastriat ionl
thanl onl the no i -row - body at i t'c ra ft reported i 11 thle MIRR/
SIMR
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In column (hi) of 'Table I, the ratios of thie number of cracks
detected In the SAlFI: output to the number of cracks reported oil
MRIR/SI)R's vary widely. Vor 14 of the 21 elelment types, the
ratioos are greater than 1.00, which is the expected result in
view of tlhe foul' factors affecting the comparison of file two data
sets,

Of these 14 eiement types, two have ratios larger than would
be expected. PFr the first lviement type, WINDOW FRAMES, the
fatigue lives in the SAITh input were apparently underestimatod,
altthougLh the ava i ilable tanurac trers' dat a were reviewed thor-
oughiy before the ifinl1 demionstriation was initiated. For the
second olement type, WING SPAR, CElN'riHR, the ratio is under-
standably high since only about 25% of tho aircraft reported in
the NIRR/SL)RIs have center w ing spars.

For the rellmilliag sevell elettment types, the rati.os are loss
than I 1.00. The se ratios indicate that itther the fat.igue lI ves [
of the e lem1eits were overest imated or thte lowest love I of In i -

spvc t ion was 1 ncolrrect and consequlently not enough cracks were
detected by the SAIFU logic.

The ifailure dlata presented in column (c) of Table I is ;,
difficult to analy-.e b)ecause oft the ext. remly low probabil itty o f
a failure actually occurring in service. IHowever, the campletoe
lack of t'allures in the wing elements is notable. There have
been at least two instances of wing spar failure oil turbop rop
aircraft in the lasst 10 years., While the itii craft stx1mulatod by
SAIl P was a turbofa, and not a turboprop, the two designs are
similar enough to expect that some wing failures would have
occuIrred i.n1 the demoenstlration. Although the extreomely low fail-
ure rate, one or two fai lures per (O mi LI ion flight hours, makes
it imupossible to determinu whether oF not the model is not faunc-
inning properly, several reviews oa the model logic during the

I monstration indicated that the model was performing as designed.

Finally, column (d) of Table I lists for each Clement type
the ratio lOf the number of first c racks occulrrillg to the 1 almlber
of cracks detected. 'This data cannot be compared with the ser-
vice hi. story since aircraft retired from service are rarely
inspected to obtain this type of data. 'l'he ratios are between

I . 50 and 2 . 33 except for two elooment types whoso, rat ios are 9. 4 7
and 10 . 13. Those high ratios are attributed to a combinati on of
three factors: relatively short fatigue lives, slow crack growth
rate, and long critical crack length. 'lThis comb mination results
in many cracks occurring during the service I i fe of thle ai'craftt
but since those cracks remain smnall t of, a long per1od of time,
they are difficult to detect.

- --- 2-- '



2. Analysis of the Final Demonstration Stage OutputhXy

T'he numbu r of cracks detected per mil .1 ion fl ight hours at
each inspection level along with thle associated percentage ot'
total cracks is presented %n Tabl e 2 for both the SAl Ph and thle
MRVIISDR data. The MRR/SDR service history shows., that ats the
inspect ion level progresses from pr'eflight to overhaul ,tile
percentage of cracks detected Inc rouses. Th is progressive, tin-
creaseO can be attri'buted to thle larger port ions, of tilt a irc raft
being inlspected and thle inc reals jg probaibil Ity of detect ionl

asoc I aIted w it 11 thle h1i ghevr i nspect ioil I eve I S.

The SAl Ph data s;how.. at simlilar progress ion exceit. for thle
overhauil i aspect ion 1levelI. The decrease lit the percent age ofI
cracks detected Lit thil- level can lie attributed t~o the method
uISed lin thle SA [PH logic for --ondlict ing samp111ing inspeI)ct Ion.; at
tho overhaul 1 eve, I . This method sets thle maximum p robabili ty o I
dot.ect ion equal toe the sampling percentage; that Is-, if onl 2v 25
of thle fleet is inspected at the overhaul Inspect Lott, theu ithe
maltx [ mum prIo 1 tb Ibiit y o f d etoc t lang c ra c ks , oin at 'l e et -w ideo ha~s I s'
1!1 Only 251~. of' thle originiaI max bauim probabl i Ity. The p~roblvim is
Compll icaited by thle [fact. that. thle maximum prohab 1.1. t.i es of Ldo -
tectioln for the lower inspectioll levels "Ire based Oil thle total
nuamber of' cracks detected and replorted inl MlU11/S1DIUS . These

[I ~c racks incl1ud e those reported f romn ove rhatiii Inspect.i ons wh ichi
were conducted Onl a Sampling bas -I s . It , thereifore, appears that
thle e ,f ects 0f sain .41111 Ing inspec t ionils mlay bie aiccounlt ed fol. tiw ice inl
SA I P or, alIternat ivel y, that these efftec ts were not c orre vc t I),
1iCC,0LaIItek fr' Ill the dalta for' thet I owe' I CVVe 1InSpect kil

Tables 3 through 23~ comp)are the SAl UP demonst rat ionl re-
su~lts with the MRR/SlUR data IFmr each of thel mn tye. n
tabIlesll el ach taible i,; tilt MA lHT stmma ry output for- th1a t oleV
11ev t t 'p e . Ill add i t ion to t he 111111ma r v ouitpt ,)I t ome Lo I' t he Lci onti Sl, output t'or spec i f ic elemen0-1t stat ioll"

Table 9 onitainis the( MA I F oitpuit Cor thle EIJSSTlRM SIl stai-
t ions 1660, 17t00, and 1940). U4acI 01' these StaItiolns onl certalin
ai rcra ft had cracks which grew to thle fa iI- sa fe crack I engt h
durinug thle service life of thle a.i rc raft. Since somie aircraft
had s tructural failures because, of the cracks at stat.ions 1.060
and 1 940 , 'a hile 9 Incl1udes the MAFI: "l '1ong li. st"' ouitput for' both
of these Stati.1ons . Th~is out put t racks the st ruc tunr.' h ist ory' o f
aircraft with element failures.

Of till the EIIS-SI'R-SIl) ;taltions , stat ion 17td) had thle
laitr ge st numbe I o f firs,,;t c ra ck ni t I aitl on 11111ame Iy 5 3, which iC 1an1

be attributed to i ts in~itinily sh1ort ACl'IAI. AVPIRA(UI FATIGUE 1,11- Y
calused thle p roduc t i on mod I .f i cat toll



Table 10 contains the SAIFE output for the FUS-STR-TOP
stations 1080, 1160, and 1760. Stations 1080 and 1160 on cer-
tain aircraft had cracks which grew to the fail-safe crack
length during the service life of the aircraft. Table 10 also
includes the SAIFE "long list" output for stations 1080 and
1300 since aircraft sustained structural failures because of
cracks at these two stations. Station 1760 is included in
Table 10 because it had the largest number of first crack ini-
tiations, namely 52. As above, this large number can be at-
tributed to the initially short ACTUAL AVERAGE FATIGUI! LIFE for
station 1760. Again, this short life caused a production modi-

Table 10 contains the SAIFI output for the WN(;-ST R-LSC('
stations 0294 and 0669. Although the number of crack initia-
tions at station 0294 was relatively small, this station had a
sufficiently large crack occurring early enough in the simula-
tion to prompt a retrofit structural modification because of
economic considerations. Of all the WNG-STR-LSC element sta-
tions, station 0669 had the largest number of crack initiations,
namely 64. Again, this large number can be attributed to the
initial short fatigue life and caused a production modification.

3. Compa-ison of Results from the Four Demonstration
Stage Outputs

'Tables 24 through 27 compare the four demonstration stage
outputs for four element types:

11 elment Table

Door frame 24
Wing Center Section

- spanwise beam, aft 25
- spanwise beam, center 26
- spanwise beam, forward 27

The comparison of the results of the first two demonstration
outputs shows the effects of reducing the number of aircraft in
the fleet by a factor of 2.0 and increasing the actual fatigue
life by a factor of 3.3.

'rhe comparison of the results of the second and final

demonstration outputs shows the effects of introducing samplinginspections in the overhaul inspection logic and of allowing
cracks that originated internally to appear externally and then
become subject to inspection at a lower level.

10



IV. SUMMARY AND CONCLUSIONS

(1) With some minor refinement changes, the SAIFM model can le
used by the FAA, air carriers, or aircraft manufacturers to
conduct the following types of evaluations: (a) Design
the effects oa' changing fatigue life, corrosion resistance,
or crack growth on design, (h) Cost - the effect of in-
creasing cost on modif tcation versus repair decislons, and
(c) Operational - the rolative effects of Increasing the in-
spection Interval or of changing the Inspection of indi-
vidual elements from one inspection levet to another.

(2) Of the 21 ciiient types sunumarized in the SAil T! demonstra-
tion output, 14 had ratios of SAIFF cracks t-o service his-
tory cracks that were within the expected range, that is,
greater than 1.00. Of those 14 element types, 2 had ratios'
that were too high to be realistic. The remaining seven had
ratios that were considerably less than 1.00.

(3) The SAIIli model is slightly unconservative in predicting
failures; that is, it, predicts too few structural failures.

(4) The SAIUT and the service history data for the percentage of
cracks detected at each inspection level do not compare
well. This discrepancy is primarily due to the method Lsed
in SAIFE to account for the sampling effects at the overhaul
inspection.

(5) During the studies conducted for the preparat ion of Vol -

ume II, it was noted that phenomiiena related to corrosion,
production defects, and service damage are not well docu-
mented in either MRR/SI)R's or analytical studi.es and that.
they consequent )' require further study.

1"1



TABLE 2 COMPARISON OF CRACKS DETECTED AT BACH
INSPECTION LEVEL PER MILLION FLIGHT HOURS

SAIFE MRR/SDR
Cracks " of cracks % of

Detected Total Detected Total

Preflight 23.58 11.1 2.87 4.3

Service 56.97 26.7 7.93 11.8

Phase 80.-26 37.6 10.94 16.3

Overhaul 26.15 12.3 24.21 36.1

Special 26.23 12.3 21.14 31.5

Total 213.19 100.0 67.09 100.0

12



TABLE 3. DEMONSTRATION RESULTS FOR DOOR FRAME

Defects Per Million Flight Hours

SAIFE MhRR/S DR

Cracks Detected

Preflight 0.53 0.16
Service 0.60 0.08
Phase 2.63 0.93
Overhaul 0.13 , 0.55
Special 0.00 0.08

Total 3.89 1.80

Corrosion Detected

Preflight 0.47 0.00
Service 0.30 0.06
Phase 1.00 0.12
Overhaul 0.00 0.12
Special 0.00 0.00

Total 1.77 0.30

Fail-Safe Damage 0.00 0.02
Failures 0.00 ----

Service Damage 0.27 0.15
Production Defects 0.00 0.00

13
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TABLE 4. DEMhONSTRATION RESULTS FOR WINDOW FRALE

Defects Per Million Flight flours

SAIFE MRR/SDR

Cracks Detected

Preflight 0.00 0.06
Service 5.17 0.06
Phase 21.40 0.12
Overhaul 3.20 0.67
Special 5.17 0.18

Total 34.94 1,09

Corrosion Detected

Preflight 0.00 0.02
Service 0.03 0.00
Phase 0 20 0.02
Overhaul 0.03 0.02
Special 0.00 0.02

Total 0.26 0.08

Fail-Safe Damage 0.00 0.02
Failures 0.00 .
Service Damage 0.93 0.18
Production Defects 0.13 0.00

S15
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TABLE S. DEMONSTRATION RESULTS FOR FUSELAGE -MAIN FRAME,
BOTTOM

Defects Per Million Flight Hours

SAIFE MRID

Cracks Detected

Preflight 0.20 0.57
Service 0.23 0.67
Phase 0.20 0.47
Ovtrhaul, 2. 5 Z 1.53
Special 0.00 0.38

Total

Corrosion Detected (

Preflight 0.03 0.34
Service 0.00 1.10
Phase 0.00 0.41
Overhaul 0.10 1.99
Special 0.00 0.55

Total 01

Fail-Safe Damage 0.00 0.22
Failures 0.00 --
Service Damage 1.03 0.44
Production Defects 0.20 0.06

171
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TABLE 6. DEMONSTRATION RESULTS FOR FUSELAGE MAIN FRAME,
SIDE

Defects Per Million Flight Hours
SAIFE MRR/SDRI

Cracks Detected

Preflight 0.00 0.34 i1

Service 6.70 0.69
Phase 9.00 0.76
Overhaul 4.97 3.57
Special 5.S7 0.69

Total 2624 6.05

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.07
Phase 0.03 0.07
Overhaul 0.13 0,54
Special 0.17 0.07

Total 0.33 0.75

Fail-Safe Damage 0.07 0.04
Failures 0.10 ----

Service Damage 0.77 0.33
Production Defects 0.13 0.15

19
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TABLE 7. DEM4ONSTRATION RIiSULTS FOR FUSIELAGE MAIN 1FRAhM, TO '

Defects Per Million 1Flight iHours

SA 1II MR111', R

Cracks Detected

Preflight 0.00 0. 00

Service 0.00 0.00
Phase 0.60 2. •6

Overhaul 2.37 1.S7

Special 0.00 1.14

Total 2.97

Corrosion Detected 
i

preflight 0.00 0.00

Service (.00 00

Phase 0.00 0.00

Overhaul O) 20 0000
Special 0 00 0 100

Total 0.20 0.00

Fail-Safo Damage 0.00 0 :

Failures 0.00
Service Damage 1.03 0,02

Production Defects 0.20 0.W

21

-- ~ ~--



ICA

9- I

IjI

LL 
0 PA ID

U ~ ~ ~ ~ u WIOCO 9.

WI 
J

L6 
..Av

4, FUF.1 U aA

o ... g g.l

0. C% C.

Aj . L9

P-4i in. II 4DN 
-. NKC 2

U VI

u j w

4~~~ 
.. 0 

.. 4.

LA~~~- 
C(A I~I~ 

- 04
9-~~~~ 

W* wSU9 
.

tb -1 400 41 L iC

.9. W 9-k *

IdVI
C' 1 411

0n tn -

V) W) V): a w AU

01 o- o - 0..

I-0. Oslo9-

9-c 
'd' K9.

C' 9.I9-C ~ LA22

1.14 - .- .- &I0I-.74 7"



TABLE 8. DEMONSTRATION RESULTS FOR FUSELAGE -STRINGER, BOTTOM

Defects Per Million Fli ht flours
SAIVE MRR SDR

Cr~ackcsDetected

Phase .2.67 0.47
Overhaul. 2.40 ý1.53
Special 3.:97 0.38

Total 15.87 3.62

Corrosion Detected

Preflight 3.13 0.34
Service 2.07 1.10
Phase 0.77 0.41
Overhaul 1.17 1.99
Special 0.57 .0.55J

Total 7.71 4.39

Fail-Safe Damage 0.00 0.22
Failures 0.00 --- -

Service Damage 0.63 0.44 '
Production Defects 0.13 0.06 :

23
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TABLE 9. DEMONSTRATION RESULTS FOR FUSELAGE - STRINGER, SIDI

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected
Preflight 0.00 0.34

Service 3.33 0.69

Phase 4.40 0.76

Overhaul 2.87 .

Special 3.33 .6

Total 13.43 6.05

Corrosion 
Detected

Preflight 0.00 0.00

Service 0.47 0.07

Phase 0.97 0.07

Overhaul 0.23 0.54

Special 0.20 0.07

Total 1.87 0.75

Fail-Safe Damage 0.37 0.04

Failures 0.07 ...

Service Damage 0.63 0.33

Production Defects 0.30 0.15

I
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TABLE 10. DEMONSTRATION RESULTS FOR FUSELAGE. STRINGER, TOP

Defects Per Million Flight Hours

SAIFE MRR/SDR

Cracks Detected

Preflight 0.00 0.00
Service 0.00 0.20
Phase 7.30 0.33
Overhaul 3.03 2.78
Special 2.53 3.38

Total 12.86 6.69

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.00
Phase 1.67 0.00
Overhaul 0.17 0.00
Special 0.17 0.00

Total 2.01 0.00

Fail-Safe Damage 0.67 0.00
Failures 0.00 ----

Service Damage 0.63 0.06
Production Defects 0.33 0.33
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TABLE 10 -Continued
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TABLE 11. DEMONSTRATION RESULTS FOR WING ACCESS FRAME

Defects Per Million Flight H{ours

SAX FE MRR/SDR 1!
Cracks Detected I

Preflight 3.03 0.04
Service 2.47 0.49
Phase 4.83 0.40
Overhaul 0.16 0.81
Special 0.30 0.77

Total 10.79 2.51.

Corrosion Detected

Preflight 2.63 0.00
Service 2.00 0.00
Phase 2.73 0.00
Overhaul 0.03 0.00
Special 0.03 0.00

Total 7.42 0.00
Fail-Safe Damage 0,00 0.18

Failures 0.00
Service Damage 0.00 0.00
Production Defects 0.00 0.00
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TABLE 12. DEMONSTRATION RESULTS FOR WING SPAR, AFT

Defects Per Million Flight fHours

SAIF__E MR/SDR

Cracks Detected

Preflight 0.83 0.11
Service 2.30 1.62

Phase 0.83 0.72

Overhaul 0.03 1.89

Special 0.00 4.42

Total 3.99 8.76

Corrosion Detected

Preflight 0.23 0.35

Service 0.90 0100

Phase 0.17 0.00

Overhaul 0.00 0.00

Special 0.00 0.00

Total 1.30 0.35

Fail-Safe Damage 0.00 0.011

"Failures 0.00.
Service Damage 0.10 0.04

Production Defects 0.10 0.04
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TABLES 13. DIEMONSTIRATION RIISUII'rS FOR WING SPAR, CENTER

A": Defects Per Million Flight flours

S SAI Fl: MRR/SDR

"Cracks Detected

Preflight 0.07 0.00
Service 0.90 0.00
Phase 1.20 0.00
Overhaul 0.00 0.20
Special O.00 0.00

Total 2.77 0.20

V Corrosion D)etected

Preflight 0.20 0.00
Service 0.10 0.00
Phase 0.93 0.00
Overhaul 0.06 0.00
Special 0.00 0.00

Total 1.29 0.00

Fail-Safe Damage 0.00 0.02
Failures 0.00 ....
Service Damnge 0.00 0.00
Production Defects 0.03 0.00
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TABLE 14. DEMONSTRATION RESULTS FOR WING- SPAR, FORWARD

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

Preflight 0.73 0.04
Service 1.67 0.49
Phase 0.90 0.40
Overhaul 0.00 0.81
Special 0.00 0.77

Total 3.30 2.51

Corrosion Detected

Preflight 0.10 0.00
Service 0.90 0.00
Phase 0.10 0.00
Overhaul 0.00 0.00
Special 0.00 0.00

Total 1. 10 0. 00

Fail-Safe Damage 0.00 0.18
Failures 0.00 ----
Service Damage 0.03 0.00
Production Defects 0.00 0.00
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TABLE 15, DEMONSTRATION RESULTS FOR WING STRINGER, AF'r

Defects Per Million Flight Hours

SAIFE MRR/SU)R

Cracks Detected

Preflight 4.30 0.2]
Servicre 7.77 0.77
Phase 7.17 0.20
Overhaul 0.83 0.85
Special 1.50 1.37

Total 21.57 3.39

Corrosion Detected

Preflight 0.43 0.02
Service 0.77 0.02
Phase 0.13 0.02
Overhaul 0.10 0.02
Special 0.53 0.02

Total 1.96 0.10

Fail-Safe Damage 0.00 0.04
Failures 0.00 ----
Service Damage 0.23 0.00
Production Defects 0.10 0.04

51
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TABLE 16. DEMONSTRATION RESULTS FOR WING STRINGIER, CENTER

Defects Per Million Flight Hours

SAIFE MRR/SDR

Cracks Detected

Preflight 5.30 0.1S
Service 10.30 0.22
Phase 11.27 0.64
Overhaul 2.53 1.05
Special 2.33 1.49

Total 31.73 3.55

Corrosion Detected

Preflight 0.40 0.00
Service 0.73 0.15
Phase 0.30 0.00
Overhaul 0.30 0.04
Special 0.50 0.33

Total 2.23 0.53

Fail-Safe Damage 0.00 0.28
Failures 0.00 ----
Service Damage 0.17 0.00
Production Defects 0.13 0.00
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TABLE 16 Continued

AIRCRAFT tY('Ei MYBRIO

NUMHEA OF AZLCHkFI IN FLEETI ,00 AIRCRAFT SERVICE LIFVE WooC HOURS

STRUCTURAL ELEkMNtIl WNG-SI.-LSC.0294

PREOICIFO AVERlGI FAI|GUE LIFE$ 240Q20 HOURS ACTUAL AVFRAGE FATIGUE LIFE: 21592Q HOURS

NUNRIP AND TIME TO INITIATION OF AIRCRAFT DEFECTS

*IRST CRACK CORROSION SERVICE DAMAGE PRODUCTION DEFECTS
...... em. ;A.. .... .. ......... .......... Ie~ .. •u....

OCCURRENCE$6 0 0
MIN(HNS) 101A5 0 0
MAX(HRS) 0?bqq a 0
AVG(HRS) T1h7 O 0 0.....

NvM1ER AND LENGTH OF CRACKS DETECTED &I EACH LEVEL OF INSPECTION

•A.LLVEL %-LEVEL C-LEVEL U-LEVEL SPECIAL

OCCURRENCES 0 4 I 0 I
MIN(IN) 0. ,AT .5$ 0. '94
MAXIMN) 0. .%5 9) 0., '96
AVG(IN) 0. .$5 .53 0. '98

NUMBER ANI) AREA OF CORROSION DEFECTS DETECVED AV EACH LEVEL OF INSPECTION

A-LEVEL A-LEVEL C-LEVEL 0-LEVEL SPECIAL

OCCURRENCES 0 0 0 0 0
MIN(SgIN) 0, o, 0, 0, 0.
MAX(SQ'IN) 0, 0, 0. 0. 0"
AVG(S0.IN) u, 0. 0. 0, 0.

INSPECTION INIEVAL•S(HS)

INITIAL 2S 200 1000 I1000

Sp 5 200 I2'l0 1$000
3 .? 200 IAbs 16750

25 ?00 1953 2344
S 2 200 664 6201

2$ ?g00 O4 102%4
la .0 1000 120000

A 2 RO0 1250 l1O00
9 ?S 200 Ibbi 16750

NUNMEM OF SPECIAL INSPECTIOIN CONDUCTID: i
NUMAEk OF S•TMUCTUAL 'MQOIFICAWIONSI I
FINAL ACTUAL AVE[RGE MO|IFIED FATIGUE LIFEl 1|9414 HOURS
NUMHER (OF AIRCRAFT tMAIIIF II) IN ,ERVIC4I T473

STRUCTURAL FkILURUS RESIDUAL STRENGTH EQUALS FAIL-CAPE STRENGTH

AIRCRAFT Nil, FLI, HOURS AIRCRAFT NO. FLT. HOURS
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TABLE 16 - Concluded

AIRCRAFT TYPES HYBRID

NtAWWWR OiF 410CHAVI IN FLEtfI S0a AIRCHAFI SEnVILE L|F'IE 60000 HOURS

SIRUCCTURAL ELLMENT, mN(,-$SYRLSC-Obb9

PREDICTEIt AVkR&GO FAT|gUr LFtO Ib~b00 HOURS ACTUAL AVERAGV F!IGGUE LIFEI IHR1|b HOURS

NUmNoN ANO TIMi to INItIAiON oU AiNCRAPT DEFECTS

SFIRST CHACA CORROSION SERVICE DAMAGE PUODUCTION D9eICIS
OCCIIRRENCIS bet 0

0. 0

M4INIHISI I11 I11451 0
MAWIHRS) 11011 0
AvaIHRS) 1301 0l 1.....

NIIMHNh ANP LENGTH AF CRACKS DEteCTED AT EACH LEVEL OF INSPECTION

A-LEVEL I-LEVEL C-LEVtL 0-LEVEL SPECIAL

OCCURRENCES % 7 17 a

MAX(IN .70 .6s .69 ,49 1.00

ANGIfINI .61 '56 .%1 045 .57

"NIIMBER AND AREA OF CDOPRISION DEFECTS DETECTED AT EACH LEVEL Of INSPECTION

A-.LvkL -LEVEL C-LEVEL D-LEVEL SPECIAL
.... .... ........ a.......

OCCURRENCES 0 1 0 0 0
MIN(&0.INI 0, 1.1a 0. 0. 0.
4NAKM(SIN) 6, 4.la 0, 0. 0.
A VG(tsq.IN) 1.12 0. 0, 0.

INSPECTIUN INfERVALS(NI145

INITIAL ?5 R00 1000 t2000
2 2a 200 1250 15000
5 ps R0o 1563 t5750
4 a5 ?00 0S93 t5t4Os. as POO bad 8103e

ago2% 200 $54 302s0

is 200 17aS 1 4b7ao si 200 i67 fi?
100 R 200 i67 5O08

NUMBER OF SPECIAL INSPWCI|IINS CONPUCTMDI
NUMBER OF SRlCIUI1AL 40II|FICATIONS1 I
FINAL ACIUAL AVERAGE MODIFIED FATIGUE LIPEI 10661? HOURS
NUMHER OF AIRCIAFI M•PIFDFD IN SfQVICEt 0

ST•I•CILIRAL PAILURE.S RE$IDUAL STRENGTH ERUALS FAIL-SAFE *TRENITH
AIRCRAFT No. FLIO. HOUtS AIRCRAFT NO. FLI. HOURS
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TABLE 17. DEMONSTRATION RESULTS FOR WING - STRINGER, FORWARD

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

Preflight 4.50 0.21

Service 8.37 0.71

Phase 7.40 1.04

Overhaul 0.93 1.69

Special 1.43 1.04

Total 22.63 4.69

Corrosion Detected

Preflight 0.33 0.00
Service 0.57 0.31

Phase 0.27 0.00
Overhaul 0.23 0.10

Special 0.67 0.00

Total 2.01/ 0.41

Fail-Safe Damnage 0.00 0.07

Failures 0.00 ----

"Service Damage 0.07 0.00

Production Defects 0.03 0.02

I'9

.;. ----
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TABLE 18. DEMONSTRATION RESULTS FOR WING CENTER SECTION-
STRINGER, AFT

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

Preflight 0.00 0. 00
Service 0.09 0. 00
Phase 0.37 0. 00
Overhaul 0.07 0. 06
Special 0.00 0. 06

Total 0.53 0.12

Corrosion Detected

Preflight .00 0.00
Service 0.5S7 0. 03
Phase 2.10 0.03
Overhaul 0.03 0. 00
Special 0. 00 0.08

Total 2 .70 0.14

Fail-Safe Damage 0.00 0.00
Failures 0. 00 --

Service Damage 0.00 0.00
Production Defects 0.00 0.00

,0"

n . .J.. . -... an. •-- .. - -- .

nikZ



IA.i

ul I~

a. *3. SlwINC

o A-. Ie
*Ir

-4 w LL LL

in J1 w 61

o. o~o iir .4 WOIO"u

Li U)O u -f~ IiSC ci .4
A; 0 43 VA 0

A- 4 j ~ I~ - a

cIm

LXL

LAI L4 -1 % w ,c

wi I

L6 L:.I.

ut II) i~A-A

LL4 tA4 
L4m4 IiI :jr. 

L'I 
r

0214~ w 14.2 .. L) 2

V, w 63



4L I

40 16

0-.4 -, d K
cia -1o a . c. j .00L

wn ne ww ace

-4 V 16 A:0 c) c, 4

a W. ..acil C

In 1 45 4 N

V) A-.- 60j 1.30 - w 10 0V
u 0 I

CkU
w ~~ Io-'U

II.~~ I-W O

Ouj W) w~ , ~
cc h.6

41k 01 W O-4 W00LI

Li CA0 q 4

USl %L LL %
0~ ch

D n - C D

OR N' 1- w x o-_-

U 44 :p u. -a A1. 2

64



TABLE 19. DEMONSTRATION RESULTS FOR WING CEt.NTER shcTION -STRINGER, CE.NTER

Defects Per Million Flight Hours
SAIFE MRR/SDR

Cracks Detected

Preflight 0.00 0.04
Service 0.43 0. 04
Phase 0.83 0. 04
Overhaul 0.07 0.40
Special 0.00 0.18

Total 1.33 0.70

Corrosion Detected

Preflight 0.00 0. 08
Service 0.70 0.30
Phase 1.57 0.00
Overhaul 0.07 0.93
Special 0.00 0.460

Total 2.34 1.77

Fail-Safe Damage 0.00 0.17
Failures 0.00
Service Damage 0.00 0.00
Production Defects 0.00 0.04
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TABLE 20. DEMONSTRATION RESULTS FOR WiNG CUNTER SECTION
STRINGER, FORWARD

Defects Per Million Flight Hours

SAIFF MRR/SDR

Cracks Detected

Preflight 0.00 0.00
Service 0.17 0.25
Phase 0.37 0.45
Overhaul 0.00 0.14
Special 0.00 2.76

Total 0.54 3.60

Corrosion Detected

Preflight 0.00 0.00
Service 0.50 0.103

* Phase 1.53 0. 00
Overhaul 0.00 0.05
Special 0.00 0.03

Total 2.03 0.11

Fail-Safe Damage 0.00 0.11
Failures 0.00
Service Damage 0.00 0.00
Production Defects 0.00 0.00
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TABLE 21. DEMONSTRATION RESULTS FOR WING CENTER SECTION
SPANWISE BEAM, AFT

Defects Per Million Flight Hours

SAIFE MRR/SDR

Cracks Detected

Preflight 0.00 0.04
Service 0.20 0.12
Phase 0.10 0.04
Overhaul 0.00 0.28
Special 0.03 0.12

Total 0.33 0.60

Corrosion Detected

Preflight 0.00 0.00
Service 0.03 0.04
Phase 0.00 0. 00
Overhaul 0.13 0.04
Special 0. 07 0.09

Total 0.23 0,17

Fail-Safe Damage 0.00 0.00
Failures 0.00 "
Service Damage 0.13 0.00
Production Defects 0.00 0.00
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TABLE 22, DEMONSTRATION RESULTS FOR WING CENTER SICTION ,
SPANWISE BEAM, CENTER

Defects Per Million Flight Hours

SAIFE MRR/SPR

Cracks D)etected

Service 0.10 0.02 y

Phase 0.03 0.02
Overhaul 0.00 0.19
Special 0.00 0.00

Total 0.13 0.23 "

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.00
Phase 0.03 0 109
Overhaul 0.13 0.00
Special 0.10 0, 00

•',iTotal O0 .26 0, 09

Fail-Safe Damage 0.00 0.00
Failures O100 ....
Service Damage 0,03 0.00
Production Defects 0.00 0.00

-- ,. 73



100

CL~~~ 0 .S*-
f .- a. 5- ) "

11 ! li % % r(5..

9x5 z L4 b-.

P-S !V a.J La

oi to uj 0,

LU as o-

.4.*

CL'

U. b-l SbJS SI) a. -)1 .
- 54 I va I5 S)C C F

.4~~~~~~ Lh) L j b . I c *

CL C

a4 Lb.4

C) LL %Lb

-0 
.4f cg .

C,~ ~~~ M, U.~ '~. s

z.. 4A Caa 3S1

I 074



!:I

TABLE 23. DEMONSTRATION RESULTS FOR WING CENTER SECTION -

SPANWISE BEAM, FORWARD

Defects Per Million Flight Hours '1
SAIFE MRR/SDR

Crack. Detected

Preflight 0.00 0.00
Service 0.10 0.14
Phase 0.03 0.29
Overhaul 0.03 0.07

Special 0.07 1.24

Total 0.23 1.74

Corrosion Detected

Preflight 0.00 0.00
Service 0.10 0.13
Phase 0.07 0.00
Overhaul 0.07 0. 0o
Special 0.03 0.00

Total 0.27 0.13

Fail-Safe Damage 0.00 0.09
Failures 0.00 ----

Service Damage 0.03 0.09
Production Defects 0.00 0.00

75



V)z 6

in.

M 0 1`

we. I

U) u I *y IN LS ) *u I N *" o%

z zs 'LnPl
C) In, .~

w LL)6 -

k- Lii0 U
aa A- 4L -U

V) L

In 1A

V)J ILL
aL a ± a

.Z r- O0 14

0t '4E -L iJ I

a 3i

0~~~ .. 61n - fl

Al -j 0 ~ I ~ .
Ilk Ilk va4 arC 6C ; u -4 9 11*a

-A z.* .2 U1r -ti3k I-

444 ft I1-476



LI;

'rABLE 24. COMPARISON OF RESULTS IN DEMONSTRATION STAGES FOR
DOOR FRAME

Defects per Million Flight Hours - SAIFE

1st 2nd 3rd Final

Cracks Detected

Preflight 1.97 0.46 0.40 0.53
Service 2.23 0.53 0.47 0.60
Phase 21.30 3.20 3.40 2.63
Overhaul 2.80 0.17 0.03 0.13
Special 1. 80 0.03 0.03 0.00

Total. 30.10 4.39 4.33 3.89

"Corrosion Detected

Preof ight 0.43 0. 57 0.40 0.47
Service 0.03 0.33 0.57 0.30
Phase 1.46 0.70 0.70 1.00
Overhaul 0.90 0.10 0.00 0.00
Special 0.13 0.00 0.00 0. 0

Total 2.95 1.70 1.67 1.77

Fail-Safe Damage 0.00 0.00 0.00 0.00
Failures 0.00 0.00 0.00 0,00
Service Damage 0.43 0.27 0.43 0.27
Production Defects 0.00 0.00 0.00 0.00
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TABLE 25. ,APARISON OF RESULTS IN DEMONSTRATION STAGES FOR
\"G CENTER SECTION - SPANWIISE BEAM, AFT

D)efocts .per Million Flight Itours - SAl E:,

I st 2nd 3rd Final

Cracks Detected

Preflight 0.00 0.00 0.00
Service 0.73 0.13 0.20
Phase 0.90 0.00 0.10
Overhaul 1.27 0.00 0.00)
Special .93 0.0 0 0.03

Total 3.83 0.13 .• 0.33

Corrosion Detected '

Preflight 0.00 0.00 0.00
Service 0.00 0.13 4-0

o 0.03
Phase 0.03 0.07 0. 00
Overhaul 0.27 0.00 0.13
Special 0.13 0.03 4 0.07

Total 0.43 0,23 0,23

Fail.-Safe Damage 0. 07 0.00 0.00
Failurcs 0.00 0.00 0.00
Service Damage 0.220 0.03 0.13
Production Defects 0.03 0.00 0.00
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TABLE 26. COMPARISON OF RESULTS IN DEMONSTRATION STAGES FOR
WING CENTER SECTION - SPANWISE BEAM, CENTER

Defects per Million Flight Hours - SAIFE

1st 2nd 3rd Final

Cracks Detected

Preflight 0.00 0.00 0.00
Service 0.67 0.03 0.10
Phase 1.03 0.03 0.03
Overhaul 1.63 0.07 0.00
Special 1.10 0.00 0.00

Total 4.43 0.13 0.13

Corrosion Detected

Preflight 0.00 0.00 4 0.00
Service 0.03 0.10 4 0.000Phase 0.07 0.00 z 0.03
Overhaul 0.27 0.13 W 0.13
Special 0.23 0.10 4 0.10

Total 0.50 0.33 0.26

Fail-Safe Damage 0.03 0.00 0.00
Failures 0.03 0.00 0.00Service Damage 0.10 0.07 0.03 IProduction Defects 0.00 0.00 0.00
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TABLEt 27. COMPARISON OF REiSULTS IN 1DEMONS'RATION S'rA(;IiS FOR
WING CENTER SECTION - SPANWISI: BliAM, FORWARD

Dlefects per uillion Flight.jlours - SATIT

1st 2nd 3rd Final

Cracks Detected

l1reflight 0.00 0.00 0.00
Sorvice 1.00 0.03 0.10
Phase 1.53 0. 00 0.03
Overhaul 1.40 0.03 0.03
Special 2.40 0.03 0.07

Total 6.33 0.09 0.123

Corrosion lDotected, '4

Pref I ight 0.00 0.00 0. (10
Service 0.03 0. 07 0.10
Pha s e 0.03 0.03 )0.07
Overhaul 0.13 0.07 0.0(7
Special 0.33 0.00 4J 0(. 0(3

To t al . S2 0.17 0.217

Iail-Safe 1)amage 0.23 0.03 0.00
Failures 0. 10 0.03 0.00
Service Damage 0.23 0.03 0.03
Production Defects 0.00 0.00 0.00
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APPE.NDIX A

The results of AFS-510 demonstration with the revised rixdel are presented in
this Appendix A to Volume V. The tables roughly correspond with the tables of
Volume V. A sample of the demonstration case, using approximately 10% of the
elements on the complete airplarie, was also run using the sampling technique
developed, and these results are also presented in Tables 1, 2A and 2B.

The ratio of total number of cracks detected in the sitnulat-. jon to the mibuer of
cracks reported in MRR's (Column (a) of table 1) did i,)t dLinqe great , y (2.30
and 3.02 for demo and samrple vs. 3.17 folr original delmo) from the (1M ilinal
Tech. Inc. demonstration and for the reasons given in Volume V, is \nmidured
realistic.

The ratio of the total number of cracks occurring in the simulation, to cracks
detected (column (b) table 1) has increazed (2.74 and 2.51 for demo and sample
vs. 1.88 for original demo) from the original Tech Inc. demonstration. 'Tis is
attributed to the lower inspection reliability used in the revised
demonstration. This lower inspection reliability is considered more realisticas it based on a rational analysis of actual MRR1 repor'ts. 1.11io higher ratio- is
also some-what supported by an USAF study in which it was determined by a
complete structural teardown and NDI inspection on two KC-135 full scale wing

[1 fatigue tests, that only one-fifth of the cracks present wore found in the
normal test inspection program.

Y' Columns (c) and (d) of table I list the larger cracks experienced in the full
demonstration and the sample, The sample results are based on the extrapolationl
method of predicting largest cracks in the comp)lete fleet based ot the
distribution of the frequency and length of cracks in tho sample. '11uo agreement
between the full demonstration and the saplelo is gýoýo, indicating that. 70 to 40%
of fail safe crack length would be equaled or exceeded .5 times in the life of
the fleet and that cracks as large as 161% (full demo, 31 inches in side
stringer) and 135% of fail-safe length (sample, 26 inches also in !"ide strinler)
would occur. These large cracks did not cause any failures in these, particular
simulation runs. 'The capability to predict the percent of fail-safe length
equaled or exceeded by the 5 largest cracks was added to the sample.

Columns (e) and (f) of table 1 give the estimated 1tailure uat(es Lx1seid 01 two
different estimation lethods for both the full demonstrat-ion and sample. "Ile
method of column (e) nverely divides the failure rates of tho samplh by t'e

Idecimal percent of the sample. This methodi ignores the 1ixssibilIity thiuf tWe
larger exposure in a simulation of the complete airplane wtuld i-o;kiult in longer
cracks with a much higher risk of failure. 'Me T method o.f column (i) i.s, xsedd (a4i

. extrapolation of the sample crack frequency, length and proLaIbility of 1,ai iLure
to cover the complete airplane. T'his method is cinsidered imrte Leal ist-ic. '1e1C
sample and full demonstration failure rate estimates are in reasonable agreement.
although, the sample failure rate estimates are generally lower. Great. oredoence
should not be placed on the absolute value of the estimated tfailure1 ratIes'MOl
because the input and relationships in the simulation are only Opr•..ximate and
because of the statistical nature of the simulation, the results may vary
considerably from run to run. However, it is of inturesi- to itt.e that the:'
simulation, which is evaluating a typical wide-ixxi design operat ing under
typical inspection pro-grams and practices, predicts failure rate.,, ().83 x 10- O
for full demo, 2.84 x 104D for sample) which meet the widoey accepted cl'iteria
of less than one failure in 10 9 airplane l'Wurs. As would 1 oevxctod

S : 82



for these failure rates, no failure occurred in a simulation covering 5 x 10 7
airplane flight hours. "Failure" is defined as the complete structure being no
longer capable of supporting the flight or pressure loads, as applicable.
Sanmle estimates of failure rates and the percent of fail-safe crack length
equaled or exceeded by the 5 largest cracks will be used in the forthcoming
parametric trend studies to gauge the effect on safety by varying design
parameters, inspection programs and operating practices. Crack length was added
as an indicator because failure rate estimates are quite volatile.

Table 2A simulation results show good agreement with MRR data in the ý,.rc•nt of
"cracks detected at each inspection level. Approximately 67% of the cracks weredetected in the simulation in the close or detailed inspection (overhaul and

special) ampared to 78% reported in the MRR's. Only 20 to 30% of the cracks
were detected in area or cursory type inspections. Here again, there is good
agreement between the full demonstration and sample, and the revised simulationF is much closer to MRR experience than the initial simulation repxorted in
Volume V.

" Table 2B shows good correlation between the average length crack detected in the
sample (1.718 inches) the full demonstration (1.515 inches) and the MKR's (1.567
inches) and improved correlation over the initial demonstration (.95 inches with
utirealistic fuselage side frame results removed). This improved correlation
supports the lower inspection reliability curves, based on MRR studies, and used
"in the revised program demonstration.

The summnary of full demonstration resu.ltS are given in tables 3 through 24 for
each element type. Table 8 in Volume V was onimitted because fuselage Lnttom
stringers were not included in the full demonstration as progressive
circumferential failures were not considered probable because of tile low stress
and the primary compressive loading of this structur'e.

lThe fuselage side stringers and wing lower Surface center stringers &eminate the
lailure rate prediction for tlight structure and the fuselage window fraimes
dominate the failure rate for pressure structure in the particular simulation
run iride for the full denonstration. The complete three page short list
computet, printout is included in table 9 for the risk deminating fuselage side
stringer element (station 1100). The first page lists the random number seeds
needed to duplicate the run; aircraft number for aircraft which exp•rience
corrosion, production or service daimage; the simulation time at which first
crack is discovered; inspection, modification and repair costs and simulation
time for each modification evaluation; and cracks found in internal. inspection.
The second page is the standard short list and the third page gives aircraft
nulmber o- each element which cracks; aircraft flight Iours when the crack was
terminatcd by repair, modification, retirement or failure; crack length at
termination; and probability of failure associated the crack in each element.
From the short list and input for station 1100 it can be deduced that the
dominating crack was initiated by service damage at 21447 flight hours on
aircraft number 408, was external ond grew without detection to 19.44 inches at
58255 flight hours and to 31.19 inches at retirement at 60,000 flight hours
without experiencing a load in excess of residual strengtq. A and B3 level
inspections were not cv.nsidered effective in this area and non exploratory C and
D inspections were being made at 3520 to 4399 and 23,730 to 29663 hour intervals
during this period with the knowledge Lhat one crack had been foundi in this
area. The problem illustrated by this case does not lend itself to easy
solution. The actual fatigue life was adequate and the frequency of costly

.' " ,. ..- . . . .,,: .. "-



detailed inspections would have to be sigjnificantly increas~ed to amssure
detection of fatigue cracks initiated by random service- damage.

The short list comp~uter printout is also included in Table. 16 for the, risk
dominating wing lower surface center stringer elemenits (stations 0543 & 0807).
Station 0543 element had a margina~l fatigue lite (i.e., 66752 hours vs. 120,000
hours) but as indicated by a fatigue test life of 9,999,999 hours, did not have
a valid fatigue test and service repair and inspectiun a~sts did not jusýtify a
service modification; the D) inspection inter'val was reducW as a1 IOSUlts Ot
service cracks but the dominate fat ique crack of 2.91 inchens was nover deotocted
prior to retirement. This type of probleml could be, alleviated by a maore
comp~lete or realistic fat ique test. Similar to fuselagje stringelr 1100, the
dominate crack (4.23 inches) in station 0807 element. was alSO initiated early by
service damage and not detected prior to retirement. under tho long inspection
intervals late in thle program. However in thiS Cas' the actulZ. fatigue lite was"
marginal but was not detected in a va~lid fatique test and -serviceo cracks did IXot
generate a service modification ort ain inspe[)ction intMrval UeductIOn0.

Ashort list WITIPuter printout is also inCluded in table 4 for thle risk
dominating fuselage window frame, eleme~nt (,station 0930). Thie s4iort list -ind
input data indicate that the initial element actual fatigue life Was mllarginal.
This was detected in the fatigue test thus generating a prOduc~tion Ili~difiCaItion

ýi C~jbut no retrofit on early service aircraft. Due to an error in tIhe programl, the
production modification was txot. fatigue, tested and had a higher but still
marginal fatigue life. Servive cracks detected an early unitmolified elements
generated a double reduction in t~he externa~l D inspectio-n interval to 2481 hours
but to increase in sampling ais no cracks were ever found in tile internal
sampling inspections. Apparently two internal cracks initiated Simulitaleoously
on opposite corners an aircraft 4)39 and grew at. twice thle rate of 1) singtlle crack
to a total length of 6.8 inches bifore beco~ming exte-rnal. ohsevacks- were
subsequently missed in several external no~n-explorator'Y 11 and (' i Ispektin (A
and 13 inspections were tKot considered effect ive tor this area) and gIrow to a
toital length 8.08 inches when terminated by retiremetnt. 'Mis type of pi.obi em
oould be alleviated by fatigue testing of nAdificationS, more1: thorOug~h
e'ru luation and invest igat ion of cracks dektected in ser-vice aind awev frequent
internal sampling.

Conclusions

Scomparison~ between the results, of tile full1 demansl'-trat ionl, 'sample uluat ion.-
ind past service experience indicates, tUat. the revised progjr, il and iniput live
reasonably realistic and that the samrplinq tOchn~iqueI ils ýViequateM For- u10 in
trend studies of model paraetewýtrs. These 'studies' ctuld hue used as, an aid in
evaluation design and inspection criteria and practices. Respo~nsihle intereosted
parties may obtain comp~uter card decks for tile progjram, denircnst rat ion and oample
inputs oNi loan for duplication from APS-510, Aeronautiocal Centc,'r, F'cMiral
Aviation Administration, Oklahoma City, Oklahoma.
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TABLE 2h

CO4PARISON OF CRACKS DETECTED AT EACH INSPECTION
LEL P•R MILLI~O FLIGT HOURS

FL SAMPLE MRR-SDR

Cracks % of Cracks % of Cracks % of

Detected Total Detected Total ý)tected 'Total

Preflight 24.87 9.56 25.34 7.82 2.87 4.3

Service 20.89 8.03 20.81 6.42 7.93 11.8

Phase 28.49 10.95 29.86 9.22 10.94 16.3

Overhaul 147.24 56.59 200.45 61.87 24.21 36.1

Special.38.69 14.87 47.51 14.66 21.1,4 31.5

Total 260.18 100.00 323.98 100.00 67.09 100.0

F 
8
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TABLE 2B COMPARISON OF SIZE OF CRACKS DETECTED

MR!R-SDR
FULL SAMPLE Average Length

Average Length Average Length Where reported
(inches) (inches) (inches)

Preflight 1.573 1.943
Service 1.719 1.812 --

Phase 1.688 2.505 --

Overhaul 1.375 1.467
Special 1.771 2.014
Fuselage Total 1.741 1.815 1.9j
Wing Total 1.118 1.470 2.16
Total 1.515 1.718 2.089 (1.567)*

* All reports, assuminq 5/8" length when not reported.
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TABLE 3. DF2(XNSTRATION nSL r TS FOR DOOR FRNME
(FUS-DOR-FFRM & FUS OOR-FRF)

Defects Per Million Flight Hours
SAIFE (*) MRR/SDR

Crack Detected

Preflight 0.00 (0.00) 0.16
Service 0.47 (0.00) 0.08Phase 1.73 (0.20) 0.93

Overhaul 5.54 (0.07) 0.55

Special 3.13 (0.33) 0.08

Total lT.7 TU70 T.80

Corrosion Detected

Preflight 0.00 (0.00) 0.00

Service 0.74 (0.07) 0.06

Phase 0.20 (0.00) 0.12

Overhaul 14.93 (13.33) 0.12

Special 0.33 (0.00) 0.00

Total W" 13.40) 0.3

Fail-Safe Damage 0.00 (0.00) 0.02

I Failures 0.00 (0.00) ---

Service Damage 0.23 (0.00) 0.15

Production Defects 0.00 (0.00) 0.00

(*) FUS-DOR-FRF only
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TABLE 4. DEMN)STRATION RESULTS OIM WINDOW FRAME
(FUS-WTN-FRM I FUS-WIN-FRF)

Defects Per Million Flight Hours
SAIFE () MRfl/SDR

Crack Detected

Preflight 0.00 (0.00) 0.06
Service 0.00 (0.00) 0.06
Phase 2.74 (0.67) 0.12
Overhaul 13.40 (0.80) 0.67
Special 2.86 (0.33) 0.18
Total !I• (R T

Corrosion Detected

Preflight 0.00 (0.00) 0.02
Service 0.00 (0.00) 0.00
Phase 0.00 (0.00) 0.02
Overhaul 0.27 (0.07) 0.02
Special 0.00 (0.00) 0.02
Total0.27(0)

Pail-Safe Damage 0.00 (0.00) 0.02
Failures 0.00 (0.23) ---
Service Damage 0.43 (0.07) 0.18
Production Defects 0.23 (0.23) 0.00

-(*) FUS-WIN-PRF only
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TABLE 5. DWOMSTRATION FESULTS FOR FUSELAGE -

MAIN FRAME, 80r"~t

Defects Per Million Plight Iburs

Crack Detected 
SAIFE 2SDR

Preflight 5.83 0.57
Service 2.80 0.67
Phase 1.30 0.47
Overhaul 9.80 1.53
Special 1.27 0.38
Total 2z1W

Corrosion Detected

Preflight 0.43 0.34
Service 0.13 1.10
Phase 0.07 0.41
Overhaul 1.83 1.99
Special 0.63 0.55
Total K

Fail-Safe Damage 0.00 0.22
Failures 0.00
Service Damage 0.73 0.44
Production Defects 0.17 0.06
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TBE6. DENQWMTlIt 1WSULTS K*I R)SEL1hG MAIN FRWM
TAU SIDE (njS-HF1-SID & FUS-MFF-SID)

Defects Per Million Flight Hours

Cradc Detected

Preflight 
0.00 (0.00) 0.34

Service 
0.00 (0.00) 0.69

Phvase 
4.80 (1,40) 0.76

Ovprhaus 
29.07 (6.67) 3.57

Special 
. 0

Total 1

Corrosion Detected

Preflight 
0.00 (0,00) 0.00

service 
0.00 (0.00) 0.07

Phase 
0.20 (0,13) 0.07

overhaul 
2.00 (1.33) 0.54

Special 
0 0.07

STotal 
0

Fail-Safe Damage 
0.00 (0.00) 0.04

Failures 
0.00 (0,00) 0,3

Service Damage 
0.50 (0.03) 0.33

production Defects 
0.07 (0.00) 0.15

(* ) FUS-MFF-SIO only
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TABLE 7. DEWONSTRATIOIN SULTS FOR Ft•J•AE - MAIN FRAME, TOP

Defects Per MilliM Flight lkiuva
SAIFE l.WR/SDR

Crack Detected

Preflight 0.00 0.00
Service 0.00 0.00
Phase 2.23 2.86
Overhaul 6.07 1.S7
Special 1.37 1.14
Trotal T

Cor'roion Detoctod

Preflight 0.00 0.00
SePvhce 0.00 0.00
Pha.e 0.07 0.00
Overhaul 0.33 0.00
Special 0.07 0.00
Total W

'Fail-Safe Damage 0.00 0.00
iFai lure 0.00 ---0
t"orvice Damage 0.33 0.02
P,'oduction De[foeta 0.10 0.15
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TABLE 9. DEMONSTRATION W;ULTS IR FUSELAGE - STRINGER, SIDE

Defects Per Million Flight [burs

Crack Detected

Preflight 0.00 0.34

Service 0.00 0.69

Phase 1.80 0.76

Overhaul 14.40 3.57

Special 4.87 0.69

Total 0

Corrosion Detected

Preflight 0.00 0.00

Service 0.00 0.07

Phase 0.73 0.07

Overhaul 1.40 0.54

Special 0.07 0.07
Total M

Fail-Safe Damage 0.03 0.04

Failures 
0.00 ---

Service Damage 0.20 0.33

Production Defects 0.17 0.15
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TAL 10. D0OSIRTO RSurITS FUR FUSE~LAGE STRiINGER, 10P

Defects Per Million FlightHor
SA1IiE _______

Crack Detected

Preflight 0.00 0.200
Service0.0.2
Phase 1.53 0.33
Overhaul~ 5.70 2.78
Special 2.07 3.38
TotalI

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.00
Phase 0.53 0.00
Overhaul 0.83 0.00
Special 0.03 0.00
Total T.

Fail-Safe Damage 0.00 0.00
Failures 0.00 --
Service Damage 0.20 0.06
Production Defects 0.07 0.33
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T&BLE 11, DEONSTRATION RESULTS FRM WING -ACCESS FIWIE

Defects Per Million Flight Hurs
SM FE

Crack Detected

Preflight 2.33 0.04

Service 1,93 0.49

Phase 0.53 0.40

Overhaul 2.87 0.81

Special 1.00 0.77
Total

Corrosion Detected

Preflight 3.13 0.00

Service 2.27 0.00

Phase 0.73 0.00

Overhaul 2.53 0.00
Special 0.53 0.00

Total.

Fail-Safe Damage 0.00 0.18

Failures 
0.00 --

Service Damage 0.07 0.00

Product ion Defects 0.00 0.00

1 113
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TABLE 12. DEMONSTRATION RESULTS FOR WING - SPAR, AFT
(WNG-SPR-AFT & WNG-SPS-AFT)

Defects Per Million Flight Hours
SAIFE (* !RR/SDR

Crack Detected

Preflight 0.40 (0.00) 0.11
Service 0.47 (0.00) 1.62
Phase 1.13 (0.20) 0.72
Overhaul 3.34 (1.27) 1.89
Special 0.40 J0"20) 4.42
Total .4 (167)

Corrosion Detected

Preflight 0.20 (0.00) 0.35
Service 0.07 (0.00) 0.00
Phase 0.07 (0.00) 0.00
Overhaul 0.20 (0.00) 0.00
Special 0.07 (0.00) 0.00
Total U.61 (0.00)

Fail-Safe Damage 0.00 (0.00) 0.04

Failures 0.00 (0.00) --- j
Service Damage 0.00 (0.00) 0.00
Production Defects 0.03 (0.00) 0.04

(*) WNG-SPS-AMT only
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TABLE 13. DMOIThAT0N WSULTS FOR WING -SPAR, CENTER

Detevts Per Million FliqhL IIOuurL
SAM flMI4R/SDR

Crack Detected

Preflight 4.47 0.00
Service 3.60 0.00
Phase 2.40 0.00
Overhaul 16.60 0.20
Special 6.47 0.00
Total TM.T

Corrosion Detected

Preflight 0.33 0.00
Service 0.00 0.00
Phase 0.07 0.00
Overhaul 0.27 0.00
special 0.20 0.00
Total

Fail-Safe Damage 0.0 0.02
Failures 0.00
Service Damage 0,00 0.00
Production Defects 0.00 0.00
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TABLE 14. DL40MRATION RESULTS .M WING - SPAR, FMD

Defects Per Million Flight Hours

Crack Detected

Preflight 
0.00 0104

Service 
0.00 0.49

Phase 
0.00 0.40

Overhaul 0.00 0.81

Special 
0.00 0.77

Total "m

Corrosion Detected

Preflight 
0.20 0.00

Service 0.07 0.00

Phase 0.13 0.00

Overhaul 
0.73 0.00

Special 0.00 0.00

Total T.

Fail-Safe Damage 0.00 0.18

Failures 
0.00 ---

Service Damage 0.00 0.00

P•oduction Defects 0.00 0.00
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TABLE 15. DIIOMTRATICXN ESUTS FMR WING STRINGER, AFT
(Wm2-MT-AFT & NNG-MT-AFT

Defects-Per Million Flight Hours

Cradc DetectedSAF() RVD

P;:eflight 5.27 (1.27) 0.20
Service 6.20 (0.60) 0.77
Phase 2.87 (0.07) 0.20
Overhaul 22.20 (2.27) 0.85
Special 2.80ý.3 1.37
Total 3 45)3.

Corrosion Detected

Preflight 0.47 (0.00) 0.02
service 0.94 (0.07) 0.02
Phase 0.73 (0.00) 0.02
Overhaul 0.87 (0.07) 0.02
Special 02 . 0.02
Total 3.07 (0.14I

Fail-Safe Damage 0.00 (0.00) 0.04
Failures 0.00 (0.00)
Service Damage 0.20 (0.00) 0.00
Production Defects 0.00 (0.00) 0.04

(* WNG-STS-A"r only
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TABLE 16. *DEWMTRAION MSULTS FM - STRINGER, CENTER

Defects Per Million Flight Hours
SAIFE

Crack Detected

Preflight 3.67 0.15
Service 4.20 0.22
Phase 2.33 0.64
Overhaul 11.80 1.05
Special 2.07 1.40
Total 1,17

Corrosion Detected

Preflight 0.60 0.00
Service 2.07 0.15
Phase 0.40 0.04
Overhaul 0.93 0.00
Special 0.27 0.33
Total tT7

Fail-Safe Damage 0.00 0.28
Pailures 0.00 --
Service Damage 0.13 0.00
Production Defects 0.00 0.00
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TABLE 17. DEMOSTRATION WSULTS F WING -STRINGER, FOMIARD

Defects Per Million Plight Hours
SAIFE 2&SDR

Crack Detected

Preflight 0.13 0.21
Service 1.00 0.71
Phase 0.80 1.04
Overhaul 0.87 1,69
Special 0.00 1.04
Total 7 '

Corrosion Detected

Preflight 0.53 0.00
Service 1.00 0.31
Phase 0.40 0.00
Overhaul 0.87 0.10
Special 0.00 0.00
Total .4T

Fail-Safe Damage 0.00 0.07
Failures 0.00
Service Damage 0.03 0.00
Production Defects 0.00 0.02
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TABLE 18. DEZWMTION RESULTS FOR WIN - CWERi 1 :•ECTION
STRINGER, AFT (WSC-STh-hVrT 1 WSC-STS-AII)

Defects Per Million Flight Bours
SAIFE () MRR/ISDR

Crack Detected

Preflight 0.00 (0.00) 0.00

Service 0.00 (0.00) 0.00

Phase 0.53 (0.53) 0.00

Overhaul 0.27 (0.27) 0.06

Special 0.27 (0.27) 0.06

Total 1.r01.07) DM7" "

Corrosion Detected

Preflight 0.00 (0.00, 0.00
Service 0.00 (0.00) 0.03Phase 0.27 (0.07) 0.03

Overhaul 0.26 (0.13) 0.00

Special 0.13 i .13) 0.08

Total 0:66 (0.33)

Fail-Safe Damage 0.00 (0.00) 0.00
Failures 0.00 (0.00)

Service Damage 0.00 (0.00) 0.00
Production Defects 0.00 (0.00) 0.00[(*) -WSC-STS-AFT only
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TABLE 19. DEtOWSTRATION IRESULTS FOR WING - CENTER SECTION
STRINGER, CENTER

Defects Per Million Flight !k-us
SAI FE MR

Crack Detected 
- -

Preflight 0.00 0.04
Service 0.00 0.04
Phaso 0.00 0.04

* Overhaul 0,00 0.40
Special 0.00 0.18
Total

: i[Corrosion Detected

Preflight 0.00 0.08
Service 0.00 0.30
Phase 0.00 0.00
Overhaul 0.67 0.93
Special 0.00 0.46
Total T.37 1777

Fail-Safe Damage 0.00 0.17
Failures (). 00
Service Damagt 0.00 0.00
Production Defects 0.00 0.04
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TABLE 20. DEIWONSTRATION RESULTS FOR WING - CENTER SECIU'ON
STRINGER, FORD

Defects Per Million Flight Iburs
SAIFE MRR/SDR

Crack Detected

Preflight 0.00 0.00
Service 0.00 0.25
Phase 0.00 0.45
Overhaul 0.00 0.14
Special 0.00 2.76
Total

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.03
Phase 0.33 0.00
Overhaul 0.73 0.05
Special 0.00 0.03
Total TTTlT

Fail-Safe Damage 0.00 0.11
Failures 0.00
Service Damage 0.00 0.00
Production Defects 0.00 0.00
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TABLE 21. DEMONSTRATION RESULTS FOR WIN -CENTER SECTION
SPANWISE BEAM, AFM (WSC-SWB-AFT & WSC-SWS-AFT)

Defects Per Million Flight 11oursSAIF6 (*) •SDR

Crack Detected

Preflight 0.00 (0.00) 0.04
Service 0.00 (0.00) 0.12
Phase 0.20 (0.20) 0.04
Overhaul 1.93 (1.93) 0.28
Special 0.13 (0.13) 0.12
Total 2.26 (2.26)

Corrosion Detected

Preflight 0.00 (0.00) 0.00
Service 0.00 (0.00) 0.04
Phase 0.20 (0.00) 0.00
Overhaul 0.13 (0.13) 0.04
Special 0.00 (0.00) 0.09
Total 3 (TTT UI7

Fail-Safe Damage 0.00 (0.00) 0.00
Failures 0.00 (0.00) ..
"Service Damage 0.07 (0.07) 0.00
Production Defects 0.00 (0.00) 0.00

(*) WSC-SWS-AFT only
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TABL8 22. USOITPATION rNSULTS a• WING - CENTER SECTION

SPANNISE 5MA, CQTER

Defects Per Million Flijht *•ours

Crack Detected

Pref Iight 0.00 0.00
Ser•ice 0.00 0.02
Phase 0.00 0.02
Overhaul 0.00 0.19
Special 0.00 0.00

Corrosion Detected

Preflight 0.00 0.00
Service t1.00 0.00

SPhase 0.00 0.09
"Overhaul 0.13 0.00
special 0.00 0.00
Total

Fail-Safe Damage 0.00 0.00
Failures 0.00 --
service Damage 0.00 0.00
Production Defects 0.00 0.00
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TABLE 23. DEMONSTRATION JESULTS FOR WING - CFNTER SECTION -

SPAN15SE BEAM, F014AaD

Defecth Per Million Flight Hours
SAIFE MRR/SDR

Crack Detected

* Preflight 0.00 0.00

Service 0.00 0.24
Phase 0.0O0 2.29
Overhaul 0.00 0.07

* ISpecial 0.00 1.24
Total 1771

Corrosion Detected

Preflight 0.00 0.00
Service 0.00 0.13
Phase 0.07 0.00
Overhaul 0.00 0.00
Special 0.00 0.00
Total . 0 -

Fail-Safe Damage 0.00 0.09
Failures 0.00 ----
Service Damage 0.00 0.09
Production Defects 0.00 0.00
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